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CHAPTER I 
INTRODUCTION 
The purpose of this investigation vas to make a comparative physio* 
logical study of the oxygen and carbon dioxide capacities and their dis* 
eociation curves in the blood of some cold blooded vertebrates and in the 
human being. 
William Harvey(l628), A professor in the London College Of Physicians/ 
was the first person to describe and demonstrate the circulation of the 
blood. His contributions were not complete» however» as he did not know the 
method by which the blood passed from the arteries into the veins for its 
return trip to the heart and thence to the lungs for aeration. Antony Von 
Leeuwenhoek(l668) contributed this missing link of information from obser¬ 
vations that he made with his microscope on the circulation of blood in the 
foot of the frog. His discovery of the microscope made the study of hema* 
tology a very interesting and useful field to human beings. 
Several of the numerous properties of the blood will be mentioned here. 
The blood is the vehicle for the carriage of nutriment to the countless cells 
of the body. It is the vehicle for the removal of the accumulated waste 
matter» and the normal function of the body is maintained through the con* 
stancy of the volume and composition of this circulating fluid. 
The blood serves to protect the body against invading micro-organisms 
and their toxiv effects; it ie the agent for maintaining the chemical neu¬ 
trality of the body; it is the means of coordinating such functions as 
are related by chemical agencies» and it is the equaliser of the body's 
heat as it passes through the blood vessels. 
r 
The hlood as a carrier of gases did not assume any significance 
until 1917. At that time D. D. Van Slyke invented a volumetric blood 
gas pump for the analysis of the blood gases. Since that time several 
other investigators, working alone and in collaboration with Van Slyke, 
have made valuable contributions to this problem. 
-2- 
CHAPTER II 
REVIEW OF LITERATURE 
The work, -which has been done by the previous investigators on 
the analysis of blood gases, may be divided into three groups: 1- - the 
oxygen capacity of the blood; 2 - the carbon dioxide capacity of the 
blood; and, 3 - the oxygen dissociation curve and the carbon dioxide 
dissociation curvé ratios. 
of the blood plasma and its significance and determination as a measure 
of acidosis, showed that blood bicarbonates represent the excess base 
left after all non-volatile acids have been neutralized and is available 
for the neutralization of additional acids, ^he blood bicarbonates are 
representative of the body fluids and are maintained at a definite level, 
reduced in proportion to the amount of invading acids. They define acid¬ 
osis as a condition in which the concentration of bicarbonates in the 
blood is reduced below the normal level. Some authorities consider it as 
an acid intoxication, i. e. acetone body formation or an actual increase 
in the [EJ or CH. They showed that in compensated acidosi»»rF»8plratij5p 
despite the decreased BECCL, succeeds in keeping down to the normal limits 
o 
did not indicate any influence of the oxalate on the gas extractions. They 
found that free E2CO3 on the acid-base equilibrium between plasma and the 
corpuscles produces the well known chloride shift and frcsn experiments in 
and in most cases lowers the pH, i. e. pK 7.33 and volume percent of COg 
38.7 to 10.1 volume percent of C0£ and a pH of 7.30 forty minutes after 
Van Slyke (1S17) investigating acidosis of the blood, or the BH(D_ 
3 
ratio and consequently the CH. They used potassium oxalate 
to prevent coagulation and to precipitate the calcium. Their experiments 
the injections of acids proved that acids lower the volume percent of COg 
4- 
injections -with (HE)gSO^. Their experiments prove also that the EECOg 
content of arterial blood is the same as venous blood under the same con¬ 
ditions (C0g tènsions). 
Van Slyke (1917), in working out a method for the determination of 
COg and carbonates in solution, perfected the present method of volumetric 
gas extractions from a modification of the apparatus used by Swanson and 
Hulett (1915). The present method was due to suggestion^' by Professor Eu- 
lett* In this paper Van Slyke described his blood gas pump; methods of 
operation; methods of calibration; the determinations; testing of the 
apparatus before determinations; direct determination of diésolved air 
and the percentage of COg not removed by the first extraction, and the 
C0£ per cc atmosphere; and, calculations of results. Ee developed the 
formulae for calculation of results and he gave a complete set of tables 
so that all one has to do is extract the gas, read the volume of gas ex¬ 
tracted and calculate the results from his tables provided the extractions 
are made under the same conditions. Ee discussed, in addition, the method 
of analysing solutions such as whole blood which yields other gases in ad¬ 
dition to the C6g and the amount of air dissolved by water at atmospheric 
pressure. A micro-apparatus for estimating the CO2 in small volumes of 
solutions was described in^his same paper. Methods of determination and 
macro-apparatus. Barcroft and Haldane (1902) tried measuring the gas 
pressure resulting from the addition of acids to the blood in a closed 
chamber. Previous methods were to boil the solution under reduced pres¬ 
sure. Van Slyke found that neither of these methods would suffice as they 
were too clumsy and would not permit the ready reading of extractions due'to 
the rapidity with which the COg would be reabsorbed by the solution. These 
difficulties led Van Slyke to perfect the present method of extraction, 
whereby the solutions can be drawn off and the gas left in the extraction 
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chamber ready for a ready reading of the volume extracted -without any 
danger of reabsorption of the gas by the solution. 
Cullen (1917) found that the two methods of determining the alkaline 
reserve are entirely comparable and furnished a reliable index of the re¬ 
serve actually existing in the body. The titration of the plasma includes 
the influence of all the buffers not only the sodium bicarbonate but also 
the proteins and minute amount-s of phosphates. The fact that the electro¬ 
metric titration of the plasma gives results parallel to the COg combining 
capacity indicates that the latter is proportional to the total buffer con¬ 
tent of the plasma. It is a known fact that the COg combining power of 
the blood is a vital function in maintaining the normalcy of the bodily 
activities. The reaction of the blood is constant under normal condi¬ 
tions as was shown by tundsgaard (1912) and it may be kept constant even 
under some pathological conditions involving the alkaline reserve. 
Fitz and Van Slyke (1917) found that the alkaline reserve and acid 
excretion could be expressed as: 
Plasma CO capacity - 80- $ ^ whereas, 
w 
80 - 80% of the phosphates which can be exoreted as the acid NaHgPO^, 
D = excretion rate, 
W - body weight, and 
C - concentration of excretory products in the urine. 
The general conclusion that vre may draw from this fact is that the 
ability of the body it® excreta "80% of its 'pbôàphates as an acid ,may be one 
of the abilities of the blood which oaintain the normal functions of the 
bodily activities. 
Van Slyke, Stillman and Cullen (1917) confirmed the investigations 
of Higgins (1914) and Erdt (1915). They found that there is a>rise 
in alveolar COg tension during digestive activities. Erdt believes that 
the change is due to an increase in the alkali reserve of the blood caused 
by secretions of ECl in gastric juice , Higgins believes it -was due to a 
rendering <bf the respiratory center less irritable. The normal ratio-be- 
Plasma COp . 
tween plasma and alveolar CO2, SIvëôTSr”c52* varies from 1*27<-1.80 giving 
an approximate average of 1.5. Therefore we may have an increase in al¬ 
veolar CO2 tension during digestive activity which affects the plasma 
bicarbonate condition not ^ore than .2%, These investigators, in another 
paper, of the same year, found that in diabetic acidosis the plasma COg 
index may fall as low as 15, which is fatal, or it may be as high as 45, 
which is well above the danger line though there is a pronounced state of 
acidosis and signs of coma are absent. These conditions must be watched 
for during the analyses as they give results different from a plasma in¬ 
dex which is more nearly normal. 
Henderson (1920) in experimenting with the problem of blood gas ana¬ 
lysis found that the buffers of the blood were very essential in regula¬ 
ting the COg content of the plasma and that these buffers are the ohief 
factors regulating the pH of the plasma. In this paper he gave two gen¬ 
eral laws concerning this activity. 
Van Slyke (1921) investigating the COg oarriers of the blood found 
that the arterial blood of man normally contains 50-55 volumes percent CC^ 
A pure solution containing 50 volumes of CO2 would have a £H} of 3.1 x 10 
yet in the blood the pi] is only as great. The venous blood con¬ 
tains about 55-60 volumes percent of COg. Therefore the differences be¬ 
tween arterial and venous blood are so slight that they are of no con¬ 
sequence. In fact they are too slight to be measured. He found that the 
chemical mechanism by which the blood is able to carry its alloted load 
« 
of COg and maintain its H: at a constant level utilises two properties 1 
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1 - the buffer actions - of the bicarbonates and proteins of the plasma? 
the bicarbonates, proteins and phosphates of the cells, 
2 - changes from relative weak acids to relatively strong ones which hemo- 
globlin undergoes on changing from the reduced form to the oxidized form. 
The forms in which COg may be carried are: 
1 - anhydrous; 2 - carbonic; 3 - bicarbonate; and, 4 - carbonate. 
In considering the transport of COg by the blood we may limit our¬ 
selves to two forms; 1 - free COg(EgCOg), and 2 - BHCOg. If all C6g were 
in H2CO3 the blood would be too acid (1000 x too much), if in BCO3 it would 
be a 1000 x too alkaline. The buffers of the blood may be employed in the 
role of COg carriers. The manner in which they act is through reduction 
of oxyhemogloblin, through the phosphates of the cells, the proteins in 
the plasma and the BHCO3 reduction. 
Parsons and Parsons (1923-24) concluded on evidence from their ex¬ 
periments that the bloods of the more highlÿ specialized marine inverte¬ 
brates, sudh as Mais, Palinurus, or Octopus , are especially adapted for 
the carriage of COg. On the other hand the bloods of the slow, creeping 
forms, .such! as Aplysia or of a sessile animal as the Ascidians, show no-- 
more adaptation for the carriage of COg than sea water. 
Van Slyke, Hasting, Murray and Sendroy (1915) found that the reduct¬ 
ion of the blood causes the distribution of diffusible ions between serum 
# 
and cells to move nearer tp right of left. This phenomenon is the Donnan 
effect and may be one of the factors frhich enable? the blood to maintain 
Its constancy, 
Redfield, Coolidge and Hurd (1926) in studying the transport of COg 
and Og of some bloods containing hemocyanin found that the Og in an at¬ 
mosphere with which it is in equilibrium and will give up ail its dissoci- 
able'Og to an atmosphere free of this gaa. They found also that the 0_ 
w 
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dissociation curve is sigmoidal and the tendency to approach saturation 
is characteristic of blood containing hemogloblin and that the blood of 
different classeq,genera and even specific species have different affini¬ 
ties for 0 • They found earlier, that the presence of Og .increases the 
quantity of O2 with which the blood will combine. The color of the blood 
is often taken as an indicator of the degree .of oxygenation but no single 
measurement has been found in any literature which proves that disoolorized 
blood contains less Og than fully colored blood, COg is carried by the 
same proteins which transport the Og, This is not true only of hemogloblin 
as has been shown by Parsons and Parsons (1923), it is also the case in 
vertebrate bloods which contain hemocyanin, 
Southworth and Redfield (1926) concluded ®>n evidence from their experi¬ 
ments on the turtle, Pseudemys concinna, that the chief characteristics of 
the blood considered as a transport of Og and COg are its low corpuscular 
count (10-22$ by volume) and its high concentration of base bound as BHCOj. 
These characteristics give the dissociation curve its flattened curvature, 
and ^account fully for the effect of oxygenation and reduction of henioglob- 
lin upon the COg combining power of the blood, and the distribution of 
COg between the corpuscles and the plasma. The O2 combining capacity of 
the turtle's blood does hot differ from that of an equal volume of human 
erythrocytes. The Og dissociation curve is similar to that of mammalian 
blood and is affected in like manner by the quantity of COg present. Its 
exact shape depends, in part, upon the number of corpuscles in the blood. 
Hopping (1923) showed from experiments that the erythrocytes of the 
alligator averages 850,000 per cu.mm, of blood. The average corpuscular 
volume is 11-15$ and the 0g capacity of the blood varies according to 
seasons being lowest in January and the highest from April to August. The 
COg absorption curve is essentially the same as that of man. 
Henderson (1928.) in his hook discussed the general physiology of 
the blood and its relationship to the general physiology as a -whole; com¬ 
ponents and functions of the blood; the acid-base equilibrium; disso¬ 
ciation curies; cells and plasma relationships; the physico-chemical 
system; the respiratory cycles; blood and circulation; -work and its in¬ 
fluence upon the blood; disease and its effect upon the blood, and the 
circulatory adaptations. In addition to these facts on the human beings 
he discussed the horse, the snapping turtle, the horseshoe crab, the 'squid 
and Busycon. Henderson discussed the heterogeneous equilibrium in the 
blood as found by Zuntz (1867), Schmidt (1867), and von Limbeck (1894). 
A crude imitation of these investigator's results was also obtained by 
Henderson and Spiro (1909). McLean (1921) verified the discovery of 
Bohr:t> Hasselbach and Krogh on the effects of 0,, pressure on variations 
of the chloride content of the serum. Henderson discussed the components 
of the blood -which are necessary for measuring 03 and COg dissociation 
curves, changes occuring during the respiratory cycle and the importance 
of these changes. The mutual dependeneé that exists between the different 
functions and those of circulation and respiration, and other physiologi¬ 
cal activities of the individual allows one to deduce from nomographical 
description of the blood conclusions regarding the circulation and physio¬ 
logical functions, Henderson found that'work, or muscular acitvity, when 
sufficiently intense to cause a large increase of metabolism is aecom- 
l 
panied by changes in the composition of the blood. These changes are 
far from regular. Therefore they must depend upon other factors beside 
the metabolism,-i. e.,blood drawn during heavy exercise, when a steady 
state has been established, contain relatively larger volumes of cells 
and a relatively smaller volume of plasma than that drawn from the same 
individual during rest. Unlike the relatively slight, more or less uhi- 
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form, and transitory, changes in the blood which follows increase of the 
metabolic rate the changes which occur in disease are often large and per¬ 
sistant and also various. The most conspicious among the pathological var¬ 
iation in the composition of the blood is anemia. Directly opposite to 
anemia is polycythemia.. Anemia and acidosis, are from the clinical stand¬ 
point, the most interesting modification of the physico-chemical system 
of the blood, in that they involve larger variations in two great functions 
of oxygen and carbonic acid transport. In nephritis the osmotio pressure 
is often increased, the concentration of the eerum protein often dimin- 
1■ 
shed. Chloride and base variations often occur. In conditiôns of myxe¬ 
dema the basal metabolism is lowered and the plasma volume decreased. In 
diabetes serious discrepancies exist in the buffer actions. The diseases 
as listed above and other types, such as atturi$foliguria, etc., all seri¬ 
ously affect the Og and COg capacities and ratios of the blood. 
The blood of the horse is so similar to that of.the human being that 
no great differences exist under similar conditions. It is - known though 
that human erythrocytes seem to have a capacity slightly greater than that 
of the horse cells to transport oxygen. This may be due to differences 
between the two species or to differences of the physioo-chemical struct¬ 
ure of the heart which allows the blood to mix slightly, ^he environ¬ 
ment of the turtle may be influential also in producing these differences. 
Analysis of the blood of the snapping turtle has been performed by Red- 
field .and Southworth (1926). The blood of invertebrates which contains 
no hemogloblin, contain hemocyanin which takes the role of Og and COg tran¬ 
sportation* Among different species wide variations are shown by Redfield, 
Coolidge and Hurd (1826), and others. In circulatory adaptations the 
position of the body, or the activity of the animal studied determines 
the ratio of Og and COg in the blood» 
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Insufficient renal action is one of the disease vhich does not 
manifest itself in outward physical appearances unless it is in an'ad¬ 
vanced state so the results of the extractions of the gases are liable 
to vary greatly from the normal expectations. This may be due to an in¬ 
crease in the £HJ concentration in the serum as it is the case with many 
of the other diseases. This variation is very important when considering 
the O2 and CO2 capacity in thé transport of gases by the blood. 
Florkin and Redfield (1931) working on the blood of the sea lion, 
Eumetopias stelleri, found the blood of this animal to have an O2 capacity 
of 19.8 volume percent and that the erythrocyte composed 29/S of its vol¬ 
ume. One volume of erythrocytes combining with 0.68cc of Og indicate a 
concentration 50% greater than that found in domestic-mammals. The O2 
dissociation curves constructed at various pressures conform to the 
usual mammalian types but indicate that Og may be held slightly at higher 
pressures than in the case of dog blood. The COg equilibrium is in no 
way remarkable and exhibits the usual differences between oxygenated and 
reduced blood. 
Root (1931)'experimenting on the respiratory function of the blood 
of marine fishes concluded -on evidence from his experiments that the Og 
capacity is quite different from other species, i. e. sluggish forms have 
a low Og capacity and the active forms have a high Og capacity. The O2 
dissociation curves of marine fish hemogloblin and the effects of COg on 
O2 capacity suggests that the effect of CO2 on hemogloblin was not sorely 
on the Ogdissociation constant but that there is an inactivation of pros¬ 
thetic groups. The COg combining power is correlated with the hemogloblin 
concentrations reduced blood will absorb slightly more CO2 than oxygenated 
blood and a differential buffering ability is shown. Comparative studies 
of vertebrate blood gave strength to the proposal that there is a speci- 
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ficity of hemogloblin. These same studies show that in COg transportation 
the blood of turtles and frogs have a relatively high COg combining power, 
fishes have a relatively small COg combining power, and human beings are 
intermediate. 
Redfield and Ingalls (1932) using various salts, as NaCl, KCl and 
MgClg, obtained evidence that led them to oonclude that the various Og com¬ 
bining groups react independently of one another in their combinatinn with 
Og, and they found that the addition of CaClg to solutions alter the shape 
of the Og dissociation curve. It was shown, too, that no relation is evi¬ 
dent between the Og dissociation constant and the degree of ionization of 
the hemocyanin molecules as a whole, as evidenced by titration curves, or 
between the Og dissociation constant and the degree to which the solution 
scattered light. 
Oreen and Root (1933) found that the Og dissociation curves for the 
toadfish is undulatory; the Og dissociation curves for the goosefish and 
the tautog change shape with the pH of the plasma.’ 
Black and Irving (1937) found that many differences exist in the 
abilities of fish to survive when taken out of the water. Those which 
lived the longest out of the water can exist longer in water which is 
low in Og, i. e., the oarp, catfish and eel may live in water unfit for 
v 
trout. This range is decide^ by respiratory conditions which are made 
up of external (environment) and internal (respiratory mechanism) factors 
of the fish. Their experiment showed that the red blood cell average 
volume for the oarp is 27.5$ and the average Og oapacity is 11.5$. Og dis¬ 
sociation curves made at a pressure of COg from 0-20mm at a temperature 
of 15°C showed that the COg reduces the Og oapacity of the blood even at 
a pressure of 100mm Og. At this pressure the effect of COg is to reduce 
the Og saturation point 10$ for 20 mm pressure of COg. At pressures of 
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Og lower than ICO mm the effect of COg is even greater. The effect of 
CO2 is reversible, i. e., at a pressure 20mm of Og and 10 mm of COg the 
blood in the gills becomes nearly saturated with Og. 
Black and Irving (1838) worked out evidence to support the conclus¬ 
ions that COg reduces the affinity of fish blood for Og more than is the 
case for mammals. This influence upon the Og dissociation was first shown 
by Krogh and Leitch' (1919).- Root (1931) showed that for marine fish the 
COg effect still held at a pressure (Og) of 150 mm. Wilner (1934) found 
that the same held true for certain tropical water fish and Black and Ir¬ 
ving (1937) found it to be true for the carp and the sucker. Black and 
Irvxng(l93l) stated that the influence of COg was dependent upon the or¬ 
ganization of the erythrocyte and Krogh and Leitch (1919) implied that 
intact corpuscles were essential to the transport of Og in the fish but 
did not construct dissociation curves, as did Black and Irving, for hemo- 
lyzed blood, ^hey found that the Og capacity of. blood decreases slightly 
(1%) upon hemolysis by saponin and that there is a loss of COg content. 
If this decrease were due to acidity, hemolysis should decrease the affin¬ 
ity of the blood for Og. EC1 and a mixture of lactic acid and carbonic 
acid reduces tha affinity of the blood for Og in proportion to the EH). 
This is known as the Bohr effect. Reduction by hemolysis indicates that, 
the interior of the corpuscle must be different from the plasma and Flack 
and Irving suspects that the corpuscle membrane is the factor which in- - 
fluences .the affinity of the hemogloblin for Og by determining the distri¬ 
bution of electrolytes. 
Root, Irving and Black (1939) showed that the large effect of COg 
upon fish blood was attributed to the pronounced sensitivity of its hemo¬ 
globlin to acids. An analysis of the behaviour of whole blood towards 
COg and lactic acid gave results interpreted as a prohounced Bohr effect 
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and acid inactivation of the hemogloblin. ’^his suggests that the H 
ions suppresses the ionization of hemogloblin and that Og could only- 
combine -with ionized hemogloblin., They found that hemolyzed blood has 
a greater affinity for Og than whole blood under similiar COg pressures 
(25 mm), ^he hemolyzed blood curve is nearly as steep as that of whole 
\ 
blood in the virtual absence of COg. The properties of hemogloblin can¬ 
not be inferred from their study of a whole blood, nor can the function 
of respiratory transport in the blood be determined from the known pro¬ 
perties of hemogloblin. ïhe marked sensitivity is present only if the 
hemogloblin remains in the cell. This point of view leads us, in the 
final analysis, td the suggestion that the hemogloblin is modified by 
the influence of the erythrocyte. 
Irving, Safford and Scott (1939) examined the blood of the silver 
fox on' three different occasions and found that the Og capacity of the 
blood was 21.7 volumes percent. The Og capacity of the corpuscles was 
44 volumes percent. For half saturation with Og at a COg pressure s 4(krrm, 
the blood requires an Og pressure of 37 mm. The O2 pressure necessary 
for saturation is increased between COg pressures ; 30-60 mm accbrding 
P09 
to the proportion, -**pc6g“ - 3.3. The COg capacity of the blood varied 
from day to day and was lower than in human blood. The buffering oapacity 
was greater then in humans or in the dog. I’he differences among mammalian 
bloods are quite small and as yet of no particular significant relation 
to specific differences in organized oapacity for respiratory transport. 
CHAPTER.Ill 
MATERIALS AND METHODS 
The meraury that is used in the hlood gas pump must he abso¬ 
lutely clean and chemically free of any organic matter as all foreign 
particles will affect the gas attractions. To be sure that the mercury 
was clean it was first washed in 10$ HNO^ several times and then rinsed 
in distilled water for several times. After'the mercury was washed and 
rinsed it was dried on filter paper. The method that was found to be the 
most effective and economical is illustrated in Figure 1. Burette tube 
number 1 is filled with the 10$ HNOg and burette tube number 2 is filled 
with distilled water. Attached to each end of the burette tubes was an S- 
shaped glass tubes which allowed the mercury to come through but prevented 
the water from following. Very little mercury is lost through this method. 
The mercury was poured into the burettes through a funnel at the tops 
of the tubes and it was cleansed as it fell through the solutions. To be 
sure that the mercury was free of HNO3 it was rinsed through several changes 
of distilled water. 
It was found that there were less probabilities of errors if the mer¬ 
cury was occasionally reoleaned and all apparatus must be kept perfectly 
clean in order that all possibilities of contaminating the samples would 
be eliminated. 
A solution of heparin was used to prevent coagulation of the bloods 
being analysed. The heparin was dissolved in a normal saline solution as 
this type of solution, due to differences in the coefficient of solubility, 
will not affect the volumes of the extractions as much as heparin that is 
dissolved in distilled water. Instead of dissolving the gases as fast as 





DIAGRAM OF APPARATUS USED FOR CLEANING MERCURY 
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The modified end perfected blood gas pump as devised by D. D. 
Van Slyke-*- was used in all of the extractions. This apparatus had to be 
absolutely clean as foreign materials in the gas pump would affect the vol¬ 
umes of the extractions Just as the dirty mercury would affect them. The 
apparatus was washed with caustic ammonia, rinsed with distilled water 
several time?,rinsed with alcohol, and allowed to dry. 
The methods of calibration, testing of apparatus, and determinations 
were used as given by Van Slyke.2 Figure 2 is a diagram of the blood gas 
pump as perfected by Van Slyke. 
ANIMALS AND METHODS OP PROCEDURE USED. 
Methods of Securing Blood 
The common box turtle, Terrapene cerolina, the alligator. Alligator 
mississippinsi, and the common bull frog, Rana catesbiana, were the rep¬ 
resentative species of cold blooded vertebrates used and the human being 
was used as the representative species of warm blooded vertebrates. 
The plastron of the turtle was carefully removëd and 15 cc of venous 
blood was drawn from the renal portal vein with Leur type syringe. Ex¬ 
periments were done with the hematocrit to determine the red blood cell 
and true plasma volumes percent. The percentage hemogloblin per 100 cc 
of blood and the grams of hemogloblin per 100 cc of blood were estimated 
with the Hellige hemometer and the red blood cell count was determined with 
the improved Neubauer Bemocytometer. The determination for the oxygen dis¬ 
sociation curves were done with the Van Slyke apparatus. The oxygen and 
carbon dioxide capacities were also determined with the Van Slyke apparatus 
^Van Slyke, D. D. J. Biol. Chem. Vol. XXX (1917), pp. 347-368, Paper II. 
2Ibid. 
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These determinations were done according to Cannon (1931), with several 
modifications which will be listed in the experimental results. 
In the alligator it was found that the venous blood could be drawn 
from the ventral abdominal vein near the junction of the two iliacs. This 
wa® accordingly used to secure all the neoessary blood samples. The same 
methods as those used on the turtle were used for the determinations of 
the red blood cell count, determination of the percentage hemogloblin and 
grams of hemogloblin per 100 cc of blood, the oxygen dissociation and the 
carbon dioxide dissociation curves, the oxygen and carbon dioxide capa¬ 
cities and the determination of the red blood cell and true plasma volumes 
percent. 
The frog was pithed and quickly fastened to a frog board. The ven¬ 
tral abdominal wall was then opened as quickly and carefully as possible, 
^he blood sample was drawn from the postcaval and the determinations made 
by the same methods as.those used on the turtle and the alligator. 
Yenous blood was obtained in the human from the subcutaneous veins 
of the lower arm. The same methods were used to make the determinations 
as those used on the turtle, frog, and alligator. 
All blood samples were drawn with the Leur type syringe and all 
samples were handled with the type of pipette used by Van Slyke (1917), 
Figure 3 is a diagram of the syringe and pipettes used. 
Table 2 is an analysis of carbonate solutions and the results that 
were obtained. 
METHODS OF GAS DETERMINATIONS 
The apparatus, including the capillary above the upper cock, was 
entirely filled with mercury and the cup at the top was washed free 
with carbonate free ammonia. The solution to be aHalyzed was then run 
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FIGURE 2 
DIAGRAM OF THE VAN SLYKE VOLUMETRIC BLOOD GAS APPARATUS 
20. 
"FIGURE 3 
DIAGRAMS OF SOLUTION PIPETTES,DELIVERY PIPETTES AND SYRINGES USED IN THE 
BLOOD GAS ANALYSES 
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from a pipette into the cup. When solutions like plasma, contains some 
free carbonic acid as -well as BCOg, the tip of the pipette must dip below 
the surface of the solution in the cup during transfer. If the liquid 
was allowed to run in a free stream through the air, CO2 would escape from 
it. The apparatus is designed to take most oonveniently 1 cc of solution, 
but satistactory determinations can be made with smaller and larger amounts. 
With the mercury bulb at position 2 and cock C connecting A with D, 
as shown in the figure, the solution to be analyzed was run into the 50 cc 
chamber leaving just enough to fill the capillary between A and D. The 
cup was washed twice into the pif>ette with about 0.5 cc of water and fin¬ 
ally 0.5 cc of 5% H2SO4 was run in. In plasma analysis, a small drop of 
caprylic alcohol should be admitted before the 112804. 
It was not necessary that exactly 1 cc of water and 0.5 cc of H2SO4 
be admitted in to the pipette but the total volume of the water solution 
introduced must exténd exactly to -the 2.5 cc mark on the apparatus if the 
specific formulae in Table I of Van Slyke’s work are to be used. As each 
portion of water was added enough was left above the cock to fill the ca¬ 
pillary tube so that no air could enter with the next solution that was 
admitted. After the acid had been admitted a drop of mercury was allowed 
to run down the capillary to the cock C to seal it. Whatever excess acid 
left in the cup was washed out with a little water. 
After all the solutions were in the pipette, the upper cock bèing 
closed and sealed, the mercury bulb was lowered to position 3 and the mer¬ 
cury allowed to run down to "the 50 cc mark producing a Torricellian vacuum. 
When the mercury meniscus, not the water, had fallen to the 50 cc mark, . 
the lower cock (F) was closed and the pipette removed from the clamp. The 
pipette was then turned upside down ten or fifteen times and replaced in 
the clamp. With solution? like plasma the CO2 must be determined directly 
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by the absorption of the COg with EOH. The COg volume obtained was then 
multiplied by the values of A or C in Table I, of Van Slyke*s work, corres¬ 
ponding to the temperature of the analysis. This method must be utilized 
when the CO2 content of whole blood is determined as about two-thirds of 
the oxygen combined with the hemogloblin is obtained by the extraction of 
the acid solution. 
By turning lower cock F, the water solution was allowed to run into 
G without, however,-allowing any of the gas to follow it. The levelling 
bulb was then raised in the left hand, while with the right the cock F was 
turned ao as to connect the pipette with H. The mercury flowed in from H 
and filled the body of the pipette, and as much of the calibrated stem at 
the top as was not occupied by the gas extracted from the solution. A 
few hundredths of a cc of water which could not be completely drained out 
into G floated on the top of the mercury in the pipette, hut the error ceas¬ 
ed by reabsorption of CO2 into the small volume of water was negligible 
if the reading was made at onca». The mercury bulb was placed so that the 
gas was under atmospheric pressure when the volume was read from the soale. 
This concluded the analysis as it is ordinarily done, and the results were 
calculated with the aid of Table i as given by Van Slyke (1917). fahen plas¬ 
ma COg is determined the following formula must be used;. 
X = —7SC  (100.8 - 0.27t)(V - 0.136 ).002t), 
or determined from the table labled, Table for the calculation of the COg 
Combining power of the Plasma," in Van Slyke's (1917) work. 
DETERMINATION OF TEE OXYGEN DISSOCIATION CURVE 
Mixtures of gases (oxygen and carbon dioxide) were used in these 
determinations as were indicated in the tables inthe experimental results. 
These mixtures were admitted to the Van Slyke apparatus through the outflow 
tube. The blood was then equilibrated with these mixtures and care was 
taken to change the gas mixtures at least-two times. The outflow tube 
was sealed with mercury after the final portion of gas mixture was admitted. 
; 
The oxygen content was then determined in the usual manner. The oxygen 
capacity was determined and the percentage saturation was calculated by . 
the following formula: 
Percentage saturation ” caf5S§rtÿ“"“ ^ 100 
4 
The percentage saturation was then plotted as the ordinate against 
the oxygen pressure and a curve drawn from the origin through'the point's. 
DETERMINATÏ0ÎT OF TEE CARBON DIOXIDE DISSOCIATION CURVE. 
The oarbon dioxide content of the blood was determined by using gas 
mixtures (air) containing carhon dioxide at pressures given in the ex¬ 
perimental results. The formula for calculating the partial pressure of 
the carbon is; Partial pressure’= -ilSE2S2tSi2.EES5surS.=.aaUe2i}5.i2ijsiÛIj) 
The Van Slyke apparatus was rinsed with distilled water and the bur¬ 
ette was filled with mercury. 1 cc of blood was placed in the cup and drawn 
into the burette. The outflow tube was then connected with the gas rese- 
voir and the gas drawn in by lowering the mercury bulb until the mercury 
had fallen to the bottom of the bulb. The upper cock was then opened and 
I 
the gas driven out. This was repeated two times. The apparatus was then 
refilled with gas taking care to bring the mercury in the levelling bulb 
below the bottom of th^ bulb, the upper cock was closed .and the mercury 
brought up to a level with the mercury in the apparatus. The purpose of 
this was to be sure that the gas in the apparatus was under atmospheric 
pressure. Close the lower cock and shake the apparatus three minutes. 
A drop of mercury TOS placéd in the cup and the gas in the bulb was driven 
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out through this trap by slowly raising, the levelling bulb taking care 
that the pressure inside never exceeded that outside by more than 1 cc« 
■When most of the gas had been expelled, the pressure was carefully de¬ 
creased enough to draw the meroury drop into the bore of the upper cock* 
The cock was then turned toihe outflow tube and the remainder of the gas 
was driven out. 5 cc. of water ms placed in the cup. A drop pipette * 
was plao'ed in the bottom of the cup and while 1 cc. of water was allowed 
to run into the burette four drops of eaprylia aleohol were thus washed 
into the burette. The excess water was removed from the cup with a pip- - 
ette, (l.Scccof 10^ lactic acid added and thebock closed.' The bulb was’ evac¬ 
uated by ldwering the mercury nearly to:the bottom cock and it was closed. 
The remnant of the mercury was shaken with the bio d for three minutes. 
The volume-flf the gas was immediately read (in thé usual manner). A negative 
pressure of several cc. was produced and 1.5co of KOH was drawn in and 
allowed for drainage and the gas volume read again. The process was repea¬ 
ted with 1 cc. of KoH until two check readings were obtained. The differ¬ 
ence between the first and second readings is the volume of carbon dioxide 
in 1 cc. of blood a room temperature and existing barometric pressure. 
METHOD OF DETERMINING THÉ RED BLOOD CELL COUNT PER 6.MM. OF BLOOD 
A large drop of blood was obtained by pricking the finger with a 
"lancet. The blood was sucked up into the hemocytometer tube, marked 1 
and 101, to the mark 1. The pipette was kept in the blood and.‘the tube 
was held nearly horizontally. All measurements were made carefully. Nor¬ 
mal saline solution was immediately sucked up into the tube until the mix¬ 
ture readhed the 101 mark. The mouthpiece was closed with the finger and 
the end of the pipette was closed with the thumb. The glass bead in the 
bulb of the pipette was shaken. This thoroughly mixed the blood and the 
saline solution. Four or five drops of the mixture was then allowed to 
allowed to run out of the pipette. The end of the pipette was then wiped 
off and a small drop allowed to form at the end. This was touched to the 
ruled disk on the hemocytometer slide and was quickly covered with a cover 
slip. The edges of the cover slip were pressed gently down and the red 
blood cells were allowed to settle for four minutes. The hemocytometer 
was then placed on the microscope and the number of red blood cells in 
twenty squares were counted and averaged (the number of red blood cells 
in the twenty.small squares were added together and divided by twenty), 
lx X « 1 This average was then multiplied byao'ja *10 which is the sixe of the count¬ 
ing cell and this result is multiplied by 100, the amoung of dilution. 
The result of these operations will give the number of red blood cells per 
c.mm.. The apparatus was washed with alsohol and dried with eher when the 
determinations were completed. 
METHOD OF DETERMINING THE PERCENTAGE OF EEMOGLOBLIN AND THE GRAMS OF 
EEMOGLOBLIN PER VOLUME OF BLOOD. 
The mixing tube of the Hellige hemometer was filled to the 10 mark 
with n/lQ HCL. A large drop of blood was obtained as given above. The 
blood was sucked up into the capillary tube (which was held nearly hori¬ 
zontal) to the 20 c.mm. mark. This blood was blown into the acid solution 
in the mixing tube, A little water was then sucked up into the capillary 
and added to the mixture. In this manner the capillary tube was rinsed 
and the acid and blood thoroughly mixed. 
After about a minute the mixture was dark brown and clear, A small 
quantity of water was added, the mixing tube was shaken and the color of 
the mixture compared to a standard color tube. If the color in the mixing 
tube was darker than the standard water was added until they matched,. After 
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the colors had matched the percentage hemogloblin "was read from one side 
of the calibrated mixing tube and the grams of hemogloblin was read from 
the other side of the tube. The apparatus was washed with distilled water 
and permitted to dry in the air when the determinations were completed. 
RATIO OF RED FLOOD CELTS TO THE PLASMA ■ 
5 cc. of blood were obtained with the syringe, as given in the methods 
of securing the blood. This blood was quickly transferred to calibrated 
centrifuge tubes and centrifuged for four or five minutes. The number of 
co of red blood cells at the bottom of the tube were read off and the 
number of cc plasma were noted. The calculations were made on the basis 
of the 5 cc representing 100 co. The apparatus was washed with distilled HgO 




A series of experiments for determining the percentage of hemogloblin 
and the grams of hemogloblin per 100 oo of blood, the red blood cell and,.true 
plasma volumes peroent of the blood, the oxygen dissociation and the oarbon 
dioxide dissociation curves and other experiments were conducted in an at" 
tempt to correlate the oxygen-carbon dioxide ratios as they are influenced 
by the mode of living in some oold blooded and warm blooded vertebrates, A 
careful and oritloal analysis of the results will serve to olarify, to an ex¬ 
tent, the true relationship existing between the oxygen-oarbon dioxide ratios. 
The following tables and figures are :ithe results of the experiments. 
TABLE I 
TEE RED BLOOD CELL AND TRUE PLASMA VOLUMES PER* 
CENT OF THE BLOOD. 




Man 45 55 
i 
Turtle 18.25 81.75 
Frog 14 86 
Alligator 15.25 84*75 
The results given in Table 1 are the averages of three determi¬ 
nations. In Table are shown the results of the analysis of various oarbo- 
nate solutions. This preliminary analysis was run in order that the tech¬ 
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Gm. oo o°c mm mg ÇC - -£2. 
3.505 0.857 24 739.5 1.485 1.491 0.031 6.031- 
3.505 0.861 24 739.5 1.489 1.491 0.032 0.030 
3.505 0,866 24.5 740 1.500 1.491 0.070 0.032 
3.505 0.865 24 738.9 1.493 1.491 0.069 0.031 
2.400 0.590 24 738.9 1.001 1.005 0.027 0.023 
2.400 0.591 25 739.4 1.003 1.005 0.027 0.023 
2.400 0.588 24.5 739.4 1.001 1.005 0.027 0.021 
2.400 0.587 24 736.7 1.000 1.005 0.027 0.023 
1.509 0.403 24 
* 
738.6 0.510 0.517 0.013 0.011 
1.509 0.391 24 739 0.511 0.517 0.013 6.011 
1.509 0.400 24.5 738 0.513 0.517 6.613 e.eii 
1.509 0.397 24.5 738 0.512 0.517 0.013 0,011 
These values were calculated by the formula below and Table 1 as 
given by Van Slyke.* The formula for the calculations as given above isj 
^O0»760 « (V - 0.063 - 0.0008t)( 1.074 - 0.0059t)**-£-— 
760 
1* ® - Temperature 
2. B® Barometrie pressure ‘ 
3. Van Slyke, D. D. Jour. Biol. Chem. Vol. XXX (1917). pp. 347-368. 4. 
4. Ibid. 
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The following tables show the results of the determination of the 
percentages of hemogloblin and the grains of hemogloblin per 100 co of blood 
and the red blood oell count per ou. mm. in the human, the turtle, the frog 
and in the alligator. 
TABLE 3 
Human 
Subject Number of 
Determinations 
Peroent of 
Hb. per lOOoo 
Grams of Hb. 
per 100oc 
Number of Red Blood 
Corpusoles per ou. mm. 
M.A.R.H. 1 110 16 5,131,417 
2 108 15.9 5,100,113 
3 108 15.9 5,097,134 
4 108 15.9 6,101,015 
Average 2.5 108.5 15.925 5,107,445 
F.V.R. :i 102 14.7 4,891,763 
2 104 15.3 4,913,891 
3 104 15.3 4,903,113 
4 103 15.1 4,912,901 




Subject Number of Peroent of Grams of Eb. Number of Red Blood 
Determinations Eb.'per lOOco per lOOoo Corpusoles per ou, mm, 
l 21.5 3.2 1,000,000 
1 •• 
2 20.0 5.18 1,093,000 




Subjeot Number of 
Determinations 
Peroent of Eb. 
per lOOcc 
Grams of Eb. 
per lOOcc 
Number of Red Blood 
Corpuscles per ou.mm 
1 
1 15.8 2.28 18,000 
4 
2 15,5 2.27 17,500 
Average 1.5 15.65 2.275 17,750 
9 1 11.1 2.1 17,608 Z 
2 12.0 2.6 16,995 
Average 1.5 11.55 2.35 17,301 
TABLE 6 
Alligator 
Subject Number of 
Determinations 
Peroent of Eb. 
per lOOcc 
Grams of Eb. 
per lOOoo 
Number of Red Blood 
Corpusoles per cu.mm 
1 18.3 2.7 839,135 
2 18.1 2.6 863,091 
Average 1.5 IO 2.65 851,113 
The preoeding tables were worked out with the aim of using the data 
given in them in eorrelàting the oxygen-carbon dioxide ratios of the verte¬ 
brates studied. An analysis of the data will Aid> ixf?under8tandifcg the!ratios 
that were determined* It was mentioned that the method of determining the 
oxygen dissociation and carbon dioxide dissociation curves were modified as 
far as the pressures used. These ohanges are indicated in the following 
tables* COg pressures from 20-40.2 mm. Eg were used for the COg dissociation 
ourves and Og pressures from 19-42.9 mm. Hg were used for the Og dissociation 
curves* 
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Experimental data for the oonstruotion of the oxygen dissociation and 
the oarbon dioxide diseooiation curves for the human, the turtle, the frog 
and the alligator are given in the tables below. 
TABLE 7 
DATA FOR THE OXYGEN DISSOCIATION CURVE OF THE HUMAN BEING 
i>bo2 P°2 Total 02 EbO, 02 Corrected Corrected Corrected 
mm, Hg mm, Hg oontent content Saturation pC02 °2 
Vols. % Vols. % Peroent mm. Hg Saturation 
1Ô 19.1 7.49 7i48 48.1 19.1 48.0 1.083 
20 30 7.57 7.61 56.61 20 59.7 1.103 
23 73 11.53 15.24 95 20 95 0.045 
40 40 12.01 12 74.97 40. 75 0.321 
42.9 64 14.31 14.23 90.1 41.9 90.4 0.107 
TABLE 8 






















































The "r” oolumn indicated in the tables(Tables 7, 8, 9 and 10) represent® 
the Dorman effect produced by the diffusion of the oxygen and oarbon dioxide 
exohange between the red blood oells and the plasma. 
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TABLE 9 























18. $ 20 3.9 4.5 24.1 18.9 23.9 0.563 
19 31 4.0 4.7 24.3 20 24.1 0.063 
20.1 43 4.3 4.9 24.7 20 24.9 0.339 
40.1 60 4.7 7.3 25.0 39.9 24.9 0.039 
TABLE 10 






















18.1 19 4.2 4.3 30.7 18.3 30.4. 0.901 
19.2 26 4.7 4.9 33.1 19.1 33.3 0.061 
20 37 4.6 5.1 39.3 20.1 39.1 0.331 
40.3 61.3 5 9.3 43.5 40.1 42.9 0.339 
TABLE 11 
“ * 
tATA. FOR TEE CARBON DIOXIDE DISSOCIATION CURVE OF THE HUMAN 
Pc02 
mm* Hg 
P02 Calculated Hb02 
( Total CO2 | 




2M Air IOO: 38.11 68.89 
30.1 Air 160 43.72 56.28 
40.3 Air 100 49.13 50,87 
TABLE 12 
DATA FOR THE CARBON DIOXIDE DISSOCIATION CURVE OF THE TURTLE 
pC02 P°2 Calculated HbÜ2 Total C02 1 
mPi.Hg 
f? 




20U Air 100 73.9 77.9 
30.3 Air 100 77.1 81.5 
40.1 Air 100 76.3 80.7 
TABLE 13 

































Caloulated HbOg i 
peroent saturatio^ 





20.3 Air 100 45.7 83 
30.7 /Air 100 57,1 83,9 
40.1 Air 100 59.9 84.5 
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The data from Tables 7-14 were used to construct the following 
dissociation curves* 
FIGURE 4 
1 THE OXYGEN DISSOCIATION CURVE OF THE HUMAN 
The oarbon dioxide dissociation curves follow each oyygen dissociation 
roarve in order that a direct and immediate! comparison of the two curves are 
presented at a glanoe. 
35. 
FIGURE 5 
THE CARBON DIOUDE DISSOCIATION CURVE OF THE HUMAN 
* 
I» 
• FIGURE 6 





TEE CARBON DIOXIDE DISSOCIATION CURVE OF THE TURTLE 
v 
FIGURE 8 
THE OXYGEN DISSOCIATION CURVE OF THE FROG 
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FIGURE 9 
THE CARBON DIOXIDE DISSOCIATION CURVE OF THE FROG 
FIGURE 10 
THE OXYGEN DISSOCIATION CURVE OF THE ALLIGATOR 




THE CARBON DIOXIDE DISSOCIATION CURVE OF THE ALLIGATOR 
CHAPTER V 
DISCUSSION 
Experimental results show that the red blood cell-plasma ratio var¬ 
ies from 14$ red blood cells for the frog to 18.25$ red blood cells in 
the turtle. Table 1 shows these differences at a glance. It shows also 
that neither of the cold blooded vertebrates studied had much more than 
a third of the percentage of red blood cells as found in the humans. 
These differences in the percentages of red blood cells bear a di¬ 
rect influence upon the oxygen-carbon dioxide ratios of these vertebrates. 
The oxygen dissociation and carbon dioxide dissociation curves, Figures 
4, 5, 6, 7, 8, 9, 10 and 11, show these effeots graphically. 
Several things of fundamental importance in considering the oxygen 
carbon dioxide capacities are the percentage hemogloblin and grams of 
hemogloblin per volume of blood and the number of red blood cells per 
volume of blood. Tables 3, 4, 5 and 6 show these factors for the verte¬ 
brates studied. 
These tables show that the human being had the greatest percentage 
of hemogloblin and grams of hemogloblin per volume of blood and that the 
number of red blood cells is the highest in the human. The percentages 
for the turtle averaged about one-fifth of the human percentages; the per¬ 
centages of the frog averaged about one twenty-eighth of the human averages 
and the alligator averaged about one-sixth the percentages of the human. 
Tables 7, 8, 9, and 10 show the experimental data necessary for the 
oxygen dissociation curves of the vertebrates studied. All equilibrations 
were made under as near the same pressures as possible. One must be care¬ 
ful in making calculations as errors will seriously affect the curvature 
of the curve. These tables show also that the total oxygen content and oxy- 
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hemogloblin content in volumes percent of blood and the oxygen saturation 
percent were highest in human beings* 
Tables 11, 12, 13, and 14 show the experimental data necessary for 
the carbon dioxide dissociation curves of the vertebrates studied. Equili¬ 
brations were made as given for the oxygen dissociation curves and the same 
precautions were observed. Two columns in each of these tables ere of spec¬ 
ial significance. Listed urder the column labled Total are columns for 
the total carbon dioxide content of whole blood and time plasma in volumes 
percent. These columns s’^ow that the total carbon dioxide for the whole 
bloods and true plasmas of the cold blooded vertebrates nearly doubles that 
of the human being. This abrupt difference in carbon dioxide oontent between 
warm blooded and cold blooded vertebrates is seen graphically in Figures 
4, 5, 6, 7, 8, 9, 10 and 11, 
A careful analysis of Figures 4, 6, 8 and 10 shows that the oxygen 
dissociation curves of cold blooded and warm blooded vertebrates are essen¬ 
tially the same. Figure 4 is the oxygen dissociation curve of the human. 
This curve is always sigmoidal in shape under normal conditions. Patholo¬ 
gical disorders, such as anemia, diabetes and others, rbend to flatten or 
heighten the curvature of the curve. Figures 6, 8, and 10 are the oxygen 
dissociation curves for the turtle, frog and alligator. These curves show 
the sigmoidal curvature although they are slightly flattened. 
Figures 5, 7, 9 and 11 show the carbon dioxide dissociation curves of 
the vertebrates studied. These curves are more nearly straight lines than 
the oxygen curves and are close to being horizontal. The only differences 
between the carbon dioxide dissociation curves of all the vertebrates studied 
are the differences in the rates of dissociation of the carbon dioxide in 
the blood. These differences in the rates of dissociation of the carbon 
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dioxide depend upon several factors. The most important of these factors 
are the differences in carbon dioxide capacities. These differences in car¬ 
bon dioxide capacities in turn depend upon several other factors. The most 
essential of these factors arej 1 - the buffer content of the blood, and 
2 - the percentage of red blood cells which determines the percentage of 
hemogloblin to undergo reduction and oxygenation. 
It was evident from these ourves that the blood of the cold blooded 
vertebrates does not give up nearly as much carbon dioxide as the blood 
of the human being. 
The question to answer now is how the oxygen-carbon dioxide ratios 
are influenced or correlated with the mode of living in. the vertebrates 
studied. The first consideration of the question was the influence of acti¬ 
vity on the animals studied. Humans live a much more active life, possibly, 
than any ot'er vertebrate either cold blooded or warm blooded. This means 
that the human must ..ave a very rapid and easy exchange of the respiratory 
gases. This rapid exchange is important in that it prevents poisonous wastes 
from accumulatin’' in the body tissues. Another consideration is that the 
human i6 entirely a land dweller. On the other hand the cold blooded ver¬ 
tebrates studied are as much at home in the water as they are on land. They 
are known to spend quite a bit of time in the water and quite a bit of time 
under the water also. 
The question may be raised as to what differences that would make, 
A consideration of the buffer content and activity of the blood will answer 
this question adequately, iuffer substances of the blood are êither weak 
acids or either weak bases and they are characterized by the fact that they 
* 
render solutions able to receive additional limited amounts of either acids 
or alkali with very little change in pH, All the important buffers of the 
-42' 
blood, such as the bicarbonates, p’osphates and proteinates of the alkali 
metals, are salts of weak acids. The bicarbonate buffers are the ones that 
are of the most importance. South-worth and Rêdfield (1926) found that the 
chief characteristics of the blood of the turtle considered as a transport 
of oxygen and carbon dioxide .were its low corpuscular co’-nt and high concen¬ 
tration of base bound as BHCOg, 
Another important consideration in connection with the red blood 
cells is that the carbonic anhydrase which is responsible for the liberation . 
of the carbon dioxide bound as HCOg is found only in the red blood cell. 
The smaller number of red blood cells as are found in the cold blooded ver¬ 
tebrates studied as compared with the human means that a much smaller quan¬ 
tity of this respiratory enzyme is present in these cold blooded vertebrates. 
This means that the rate of liberation of carbon dioxide in these verte¬ 
brates is naturally less than the rate in the human being. This reduction 
of the quantity of the respiratory enzyme and lesser surface for diffusion 
of the gases greatly reduces the CI-HCO3 shift and this naturally increases 
the carbon dioxide content of the blood in the cold blooded vertebrates 
studied. These characteristics are responsible for the flattened curvature 
of the oxygen dissociation curves and that the blood will not give up all 
of its carbon dioxide under any condition. It 'ms been suggested that 
the turtle may be able to utilize a small percentage of oxygen directly from 
the wat?r when it is submerged. The fact that the turtle has to come to 
the surface at intervals indicate t at verÿ little, if any, direct utiliza¬ 
tion of oxygen from t^e water is accomplished. 
Although the alligator is known to spend much time under the water, 
we know that this time is spent in an air pocket, in the bank or shore line, 
just above the water level. The base concentration of the allir-ahor blood 
is not so high as that of the turtle sold the volume of red blood cells in 
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the alligator is slightly less than that of the turtle,, according to 
Fopping (1923) the carbon dioxide capacity of the alligator ranges from 
45,9-67,5 volumes percent whereas the carbon dioxide capacity of the 
turtle ranges from 77,1-94,1 volumes percent. In human beings the carbon 
dioxide capacit ranges from 35-45 volumes percent and in the frog it ran¬ 
ges from 55-81 volumes percent. 
These differences in the carbon dioxide capacity do not affect the 
curvature of the carbon dioxide dissociation curves. They do cause differ¬ 
ences in the amount of dissociation and the minimum caïd maximum pressures 
at which dissociation will occur. Thé differences in carbon dioxide capa¬ 
cities do affect tye oxygen dissociation curves in that t'^ey tend to flatten 
the curvature of the curves. 
The shape of the red '* lood cell in the froy, turtle and alligator is 
avoided whereas the human red blood cell is a biconcave disc. Hartridye 
and Roughton^ point out that the greatest carrying capacity for the smallest 
amount of structural materials would be furnished by a sphere. On the other 
hand, the most favoral le conditions for diffusion would be present in an in¬ 
finitely thin disc. The erythrocyte represents a compromise between these 
two forms with the additional valuaï le feature of an increased t’-ickness 
near the periphery where diffusion can occur from three directions at once. 
2 
Ponder has shown b - a mathematical treatment that the shape of the ery¬ 
throcyte is n arly, though not quite, the most effective possible from the 
point of diffusion. 
Correlation of the ox gen and carbon dioxide capacities with the mode 
of living depends, from the experimental data of this investi ation, upon 
the activité of the vertebrates studied. This activity in turn depends upon 
natural habitat. It can, be readily seen that the greater the activity of  
1 Hartridge and Roughton. J.' Physiol. Vol. CLVI, (1914), pp. 401-425 
2 Ponder. J, Gen, Physiol. VÔÏIX (1935),.pp, 197-204 
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bo dily functions the greater the amount of c°rhon dioxide produced in 
the tissues. This increased production of carton dioxide in the tissues 
means that there must be a greater amount of carbon dioxide liberated 
from its combination with the bicarbonate buffers of the blood and excreted 
by the lungs. As the human is the most active of the vertebrates studied 
in t is investigation it stands to reason that there is a greater production 
of carbon dioxide in the tissues and the more rapid must be the exchange 
between the carbon djoxido and oxygen in the lungs. The rapidity of this 
exchange determin s the oxygen and carbon dioxide ratios. 
The elliator, turtle and frog, due to their more quiescent mode of 
living and their higher concentration of base hound as a bicarbonate, are 
able to accommodate more carbon dioxide in t e blood. As has been suggested 
previously (pp. 36-37), the shape of the corpuscle may he one of the chief 
factors determining the rate of diffusion between the carbon dioxide and 
oxygen in the blood, 
Gre. ter activity of the body roquirea wa inoreas# rata of roe'plration 
laid this increased rate of respiration, in turn, regulates the carbon dioxide 
and oxygen exchange of the blood. Of the vertebrates studied, the human 
respiratory rate was the highest, 'videnee from the esperimental data show¬ 
ed that the ratio of oxyp-en to carbon dioxide in the human being is 1,2 X 
less (45-55)} in the turtle it was 3 X less (25-75); in the frog it was 
2,3 X less (30-70), and in the alligator it was 1,5 X less (40-60), 
It is readily seen then that the carbon dioxide range in the human 
being in only 10 units more than the oxygen range while the carbon dioxide 
range in tî e cold blooded vertebrates studied ranres from 20-50 units more 
than the oxygen range. This means that the cold blooded vertebrates are 
able to adapt themselves to a much greater range of environmental condi¬ 
tions 
CHATTE5. VI 
SUMMARY MD CONCLUSIONS 
An analysis of the blood gases of some cold blooded and warm bloode'd 
vertebrates was performed. The experimental data from this investigation 
indicate the follovri.ni facts: 
1. The red blood cell-plasma ratio varies from 14$ red blood cells 
and 86$ plasma in the frog to 18.25$ red Mood cells and 81.85$ plasma in 
the turtle. In the human ratio is 55$ red blood cells and 65$ plasma: 
2. These differences in the percentages of red blood cells bear a 
direct influence upon the oxygen-carbon dioxide ratios of these vertebrates; 
3. The oxygen dissociation curves of cold blooded and warm blooded 
vertebrates are essentially the same under normal conditions. This curve 
is always sigmoidal in shape under normal conditions: 
4. The only differences in the carbon dioxide dissociation curves 
of all the vertebrates studied are the differences in the rates of dis¬ 
sociation of the carbon dioxide from t^e blood; 
5. The carbon dioxide-oxygen ratios depend upon the buffer content 
and activity of the blood and upon the percentage of red blood cells which 
determines the percentage of hemogloblin to undergo oxygenation and re¬ 
duction. 
6. It was sur-ested that higher concentrations of base bound as bi¬ 
carbonate in the blood of the turtle, frog and alligator enable them to ac¬ 
commodate more carbon dioxide in the blood than the human blood will acco¬ 
mmodate; 
7. It was suggested that the shape of the red blood cell may also 
influence the carbon dioxide-oxygen ratio by determining the rate of dif¬ 
fusion of the gases from and into the blood; 
45- 
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8. It was pointed out that the ratio of the carbon dioxidç capacity 
extended over a much greater range than the oxygen capacity in the cold 
blooded vertebrates studied than it did in the human being, and that this 
indicated that the cold blooded vertebrates were able to adapt themselves 
to a much greater range of environmental conditions. 
• rr -47- 
BIBLIOGRAPHY 
I. Black, E. C. And Irving, L. "The Effect of Carbon Dioxide Upon the 
' Blood of the Carp(Cyrinus carpio)." 
Trans. Roy, Soc. of Canada. Vol, V, Sec. V, (1937), p. 29. 
. 2. . "The Effect of Hemolysis upon the Affinity 
of Fish Blood for Oxygen." 
Jour. Cell, And Comp, Physiol. Vol. XII (1938), p. 225. 
3. Cannon, W. B. "A Laboratory Course In Physiology."8th. ed. Cambridge* 
Harvard University Press, (1931), pp. 113-126.. 
4. Cullen, G.E. "Electrometric Titration of Blood as a Measure of Its 
Alkaline Reserve." . 
Jour. Biol. Chem. Vol. XXX (1917), p. 369. . 
5. Fits, R. And Van Slyke, D. D. "Relationship Between Alkaline Reserve and 
Acid Excretion." 
Jour, Biol. Chem. Vol. XXX (1917), p, 389. 
6. Florkin, M. And Redfield, A. C. "On Respiratory Functions of the Sea 
Lion(Eumetopias stelleri)." 
Biol. Bui. Vol. LXI (1931), p. 422. 
7. Green, A. And Redfield, A. C. "Equilibrium Between Hemogloblin and Oxy¬ 
gen in the Blood of Certain Fishes." 
Biol. Bui. Vol. LXEV (1933), p. 427. 
8. Henderson, L. J. Blood A Study In General Physiology. New Haven» 
Yale University Press, (1928). 
9. Hopping, Aleita "Some Seasonal Changes in the Gases and Sugars of the 
Blood and the Nitrogen Distribution in the Blood and Urine of the 
Alligator." 
Amer. Jour. Physiol. Vol. LXVI (1923$, p. 145. 
10. Higgins, H. L. "Influence of Food, Posture and Other Factors on the Al¬ 
veolar Carbon Dioxide Tension in Man." 
Amer. Jour. Physiol. Vol. XXXIV (1914), p. 114. 
II, Irving, L. , Safford, V. And Scott, W. J. "The Properties of the Fox 
Blood for Respiratory Transport." 
Jou*. Cell. And Comp. Physiol. Vol. XIII (1939), p. 297. 
12.Osgood, E. E. A Textbook Of Laboratory Diagnosis. 2nd. ed. Philadelphia* 
P. Blakiston*s Son ft Company^ (l939). 
‘\ * 
- e * 
13. arsons, T. R. And Parsons, W. «Observatidns on thbl.Transport of Carbon 
Dioxide in the Blood of Some Marine Invertebrates." 
Jour. Gen. Physiol, Vol. VI (1923-24), p. 153. 
14. Redfield, A. C., Coolidge, T. And Hurd, A. L. "Transport of Oxygen'and 
Carbon Dioxide by Some Bloods Containing Hemocyanin." 
Jour. Biol. Chem. Vol. LXIX"(2), (1926), pp.475-509. 
-48- 
BIBLIOGRAPHY CON* T 
15. Root, R. W., Irving, L. And Black, E. C. "The Effect of Hemolysis Upon 
the Combination of Oxygen with the Blood of Some Marine Fishes." 
Jour. Cell. And Coap, Physiol. Vol. XIII (1939), p, 303. 
16. Root, R. W. "Respiratory Function of the Blood of Marine Fishes." 
Biol. Bui. Vol, LXI (1933), p. 427. 
17. Rogers, C. G. A Textbook Of Comparative Physiology. New Yorki 
McGraw-Hill Book Company, (1927), pp. 166-141. 
18. Southworth, F. C. And Redfield, A. C. "Transport of Gas by the Blood 
of the Turtle." 
Jour. Gen. Physiol. Vol. IX (4), (1926), p*. 387. 
19. Stillman, E., Van Slyke, 0. D«, Cullen, G. E. And Fits, R. "The Blood, 
Urine and Alveolar Air in Diabetic Acidosis." 
Jour. Biol. Chem. Vol. LXIX (1926), p. 405. 
20. Van Slyke, D. D«, Stillman, E. And Cullen, G.E. "Alveolar Carbon Dioxide 
and Plasma Bicarbonate in Men During Digestion, Rest and Activity." 
Jour. Biol. Chem. Vol. XXX (1917), p. 401. 
21. Van Slyke, D. D. "A Method for Determination of Carbon Dioxide and 
Carbonates in Solution." 
Jour. Biol. Chem. Vol. XXX (1917), pp. 347-368. 
22. Van Slyke, D. D. And Cullen, G. E. "The ^HCO^ of the Blood Plasmai Its 
Significance and Its Determination as a Measure of Acidosis." 
Jour. Biol. Chem. Vol. XXX (1917), p. 208. 
23. Van Slyke, D. D. "The Carbon Dioxide Carriers of the Blood." 
Physiological Reviews. Vol. I (1921), pp. 141-175. 
24. Van Slyke, D. D., Hastings, A. B., Murray, C. D. And Sendroy,Jr., S. 
"Studies of Gas and Electrolyte Equilibrium in Reduced Blood and 
the Distribution of H, Cl, and HC03 ions in Oxygenated Blood." 
Jour. Biol. Chem. Vol. LXV (1925), p. 701. 
25. Zoethout, W. D. A Textbook Of Physiology. 3rd, ed. St. Louis! 
The C. V. Mosby Company, (1928)'. 
